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FIGURE 1. Aortic arch before (A) and after (B) bilateral PAB.
Brief Technique Reportsage of 3 or 4 months after birth with a body weight of 2.5 kg
and 2.4 kg, respectively. Because both infants did not re-
quire plasty of the bilateral pulmonary arteries, this might
be an appropriate age for repair.CONCLUSIONS
A surgical strategy consisting of bilateral PAB followed
by arch and intracardiac repair would be a choice for ex-
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valve–sparing operationsTirone E. David, MD, and Susan Armstrong, MSc, Toronto, Ontario, CanadaAortic root aneurysms often have normal or near normal aor-
tic cusps, but as the sinotubular junction dilates, the coapta-
tion area of the aortic cusps decreases and the mechanicalstress increases; the cusps may become thinner and over-
stretched, and may develop stress fenestration along the
commissures or even become detached from the commis-
sural areas. If the free margin of a cusp is elongated, it will
prolapse after correction of the dilation of the sinotubular
junction during aortic valve-sparing procedures. In addition,
cusps with stress fenestration may rupture late after recon-
struction of the aortic root.
Cusp prolapse is usually corrected by plication of its cen-
tral portion along the nodule of Arantius or by weaving
a double layer of a fine polytetrafluoroethylene suture
(Gore-Tex; WL Gore and Associates, Flagstaff, Ariz) along
the free margin and shortening the free margin.1gery c May 2010
FIGURE 1. A 6-0 or 7-0 polytetrafluoroethylene (Gore-Tex;WLGore and
Associates, Flagstaff, Ariz) suture is weaved along the free margin of the
aortic cusp with a stress fenestration in the commissural area and secured
on the outside of the graft used for reconstruction of the aortic root.
FIGURE 2. A, Intraoperative photograph of a repaired noncoronary aortic
cusp with polytetrafluoroethylene (Gore-Tex) suture 12.7 years after reim-
plantation of the aortic valve. The polytetrafluoroethylene (Gore-Tex) is in-
visible. The left cusp is prolapsing. B, The left cusp is repaired with a double
layer of 6-0 polytetrafluoroethylene (Gore-Tex) suture.
Brief Technique ReportsReinforcement of the free margin of the aortic cusp with
Gore-Tex suture is also used in combination with plication
of the nodule of Arantius in cases of cusps with stress fenes-
tration in the commissural area. This study summarizes our
clinical experience with aortic valve-sparing operations and
cusp repair with polytetrafluoroethylene (Gore-Tex) sutures.
CLINICAL SUMMARY
Cusp repair with polytetrafluoroethylene (Gore-Tex) su-
tures was introduced in 1994 in our unit, and by the end of
2007, of 267 patients who had aortic valve-sparing opera-
tions for aortic root aneurysm, 64 (24%) had repair of 1 or
more aortic cusps with this technique. There were 50 men
and 14 women with a mean age of 46  14 years (range,The Journal of Thoracic and Car18–77 years). The mean diameter of the aortic root was
55.6  7.6 mm (range, 44–80 mm). Twenty-nine patients
had Marfan syndrome. Six patients had type A aortic dissec-
tion (acute in 1 patient and chronic in 5 patients). Preopera-
tive echocardiography disclosed no aortic insufficiency in 2
patients, trace insufficiency in 13 patients, mild insufficiency
in 15 patients, moderate insufficiency in 20 patients, and
severe insufficiency in 16 patients. Five patients also had
moderate or severe mitral insufficiency.
Reimplantation of the aortic valve was used in 58 patients,
and remodeling of the aortic root was used in 6 patients.
After reconstruction of the aortic root, 1 or more cusps was
prolapsing in all 64 patients and stress fenestrations were
present in 60 patients. Cusp prolapse in 4 patients was cor-
rected only by weaving a double layer of 6-0 polytetrafluoro-
theylene (Gore-Tex) along the free margin, as illustrated in
Figure 1. The polytetrafluorotheylene (Gore-Tex) suturediovascular Surgery c Volume 139, Number 5 1341
Brief Technique Reportswas secured on the outside of the Dacron graft, and the cusp
was appropriately shortened. Cusp prolapse in the remaining
60 patients was corrected by plication of the central portion of
the cusp and reinforcement of the free margin with a double
layer of polytetrafluorotheylene (Gore-Tex) suture because
of stress fenestrations. This approach was used in only 1
cusp in 36 patients, 2 cusps in 15 patients, and in all 3 cusps
in 9 patients. In addition to an aortic valve-sparing operation,
mitral valve repair was performed in 5 patients, replacement
of transverse arch for chronic dissection was performed in 5
patients, and coronary artery bypass was performed in 1
patient.
All patients were contacted annually and had echocardio-
graphic studies. The mean clinical and echocardiographic
follow-up was 4.9  3.5 years (range, 0.2–12.7 years) and
complete. Our review ethics board approved this study.RESULTS
There was no operative death. Three patients died during
the follow-up (chronic obstructive pulmonary disease in 1
patient and accidents in 2 patients). Patients’ survival at 1,
5, and 10 years was 100%, 95.2%  2.8%, and 93.4% 
3.7%, respectively. The most recent echocardiogram
showed no or trivial aortic insufficiency in 34 patients,
mild insufficiency in 22 patients, mild to moderate insuffi-
ciency in 3 patients, moderate insufficiency in 2 patients,
and moderate to severe insufficiency in 1 patient. The free-
dom from aortic insufficiency greater than mild at 1, 5,
and 10 years was 100%, 96.4%  2.5%, and 86.7% 
3.9%, respectively. The only reoperation was in a patient
who had reimplantation of the aortic valve with repair of
a noncoronary cusp prolapse with polytetrafluoroethylene
(Gore-Tex) suture 12.7 years earlier. Severe mitral regurgi-
tation and moderate aortic insufficiency developed in this
patient because the left aortic cusp prolapsed (Figure 2, A).
The mitral valve was repaired, and the prolapse of the left
aortic cusp was corrected with a double layer of 6-0 polyte-
trafluoroethylene (Gore-Tex) suture (Figure 2, B). At the lat-
est follow-up contact, 61 patients were alive, 47 patients
were in New York Heart Association functional class 1,
and 14 patients were in New York Heart Association class 2.DISCUSSION
Our description of stress fenestration is based on clinical
observation of patients with aortic root aneurysms. We
have seen various degrees of cusp thinning and stretching
due to dilation of the sinotubular junction or aortic annulus.1342 The Journal of Thoracic and Cardiovascular SurSome aortic valves cannot be saved because 1 or more cusps
become detached from the commissure or are overstretched
with large fenestrations in the commissural areas. Others
have prolapse; the cusp tissue is of reasonable thickness,
but they are attached to the commissures by worrisome
fine threads that can rupture anytime. That is why we intro-
duced the technique of reinforcement of the free margin of
aortic cusps with fine polytetrafluoroethylene (Gore-Tex)
sutures.1 The reinforcement is made by weaving a double
layer of 6-0 or 7-0 polytetrafluoroethylene (Gore-Tex) along
the free margin of the cusp from commissure to commissure
and anchored on the outside of the graft used to replace the
aortic sinuses. The first layer of polytetrafluoroethylene
(Gore-Tex) is passed in and out of the cusp, 0.5 to 1.0 mm
from the free margin, and the second layer is 1.0 to 1.5
mm below the first layer. In the commissural area, each
arm of the suture travels along the margins of the fenestra-
tion.1 The polytetrafluoroethylene (Gore-Tex) suture be-
comes incorporated into the cusp tissue, and it is difficult
to identify years later (Figure 2, A). Polytetrafluoroethylene
(Gore-Tex) alone is seldom used to shorten the free margin
as documented in this series (only 4/64 patients). In most
patients it was used in combination with shortening of the
free margin by plication of the nodule of Arantius, and the
polytetrafluoroethylene (Gore-Tex) was used primarily to
reinforce the free margin because of a large stress fenestra-
tion in the commissural area. Prolapse of the cusps is easier
to identify after reimplantation of the aortic valve than after
remodeling of the aortic root because the annulus is stabi-
lized at 2 levels with the first technique, and the cusps be-
come suspended entirely within the Dacron graft.
CONCLUSIONS
Cusp repair by plication of the central portion alone,
polytetrafluoroethylene (Gore-Tex) alone, or plication
plus polytetrafluoroethylene (Gore-Tex) has not had a neg-
ative effect on the durability of aortic valve-sparing oper-
ations.2 Obviously, not every aortic valve can be saved
and caution should be exercised when more than 1 cusp
needs repair.
We are indebted to Dr Joan Ivanov for statistical assistance in
this study.
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